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Evaluation of Soil Quality in Rice-Wheat Rotation Regions of Jiangsu Province Based on Rice

Yield

ZHAO He', WANG Xukui®", LIU Shaogui’, GAO Fei', LI Peng', LI Qisheng', LI Huixin', JIAO Jiaguo'"

(1 College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2 Jiangsu
Province Cultivated Land Quality Protection Station, Nanjing 210095, China; 3 Yangzhou Agricultural Environmental
Monitoring Station, Yangzhou, Jiangsu 225101, China)

Abstract: This study is to clarify soil quality status of rice-wheat rotation regions in Jiangsu Province based on the data of 10
681 soil-measuring formula fertilization samples from the rice-wheat rotation regions of Jiangsu Province during 2008—2015.
The minimum data set (MDS) of rice-wheat rotation region in Jiangsu Province was screened by correlation and principal
component analysis, and then soil quality was evaluated. The results showed that based on rice yield analysis, the minimum data
set of rice-wheat rotation region in Jiangsu Province included organic matter, available phosphorus, available potassium, available
iron and available boron. The variation range of soil quality index based on the minimum data set (SQI-MDS) was between 0.136
and 1.000 (mean 0.674), the average value was in the "good II" grade, and was a very significant positive correlation (R*= 0.720)
with soil quality index based on the full data set (SQI-TDS). It showed that the minimum data set could better replace the full data
set. There was spatial heterogeneity in soil quality of rice-wheat rotation regions in Jiangsu Province, the highest soil quality was
in the Lixiahe agricultural area, followed by the Taihu agricultural area, and the Ningzhenyang, Riverside, coastal and Xuhuai
agricultural areas. There were differences in the minimum data sets of the six major agricultural regions in Jiangsu Province,
which indicated that there were differences in the main limiting factors in different agricultural regions. On the whole, organic
matter, potassium and trace elements are the main limiting factors for the six major agricultural regions in Jiangsu Province.

Key words: Jiangsu Province; Rice; Minimum data set; Soil quality evaluation; Spatial heterogeneity
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Table 1 Information of soil samples in rice-wheat rotation regions in Jiangsu Province
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Table 2 Soil Physicochemical properties in rice-wheat rotation regions of Jiangsu Province
Ei Lo f/ME SEON] FHIE PRz 5 5 R H (%)
A H (g/em’) 0.67 1.85 1.26 0.08 6.66
pH 4.10 9.00 723 0.92 12.74
AP (g/kg) 1.07 76.00 22.85 7.83 34.29
2 H (g/kg) 0.09 3.98 1.41 0.48 33.95
A (mg/kg) 0.10 167.60 18.12 13.29 73.32
B (mg/kg) 2.10 765.00 121.16 66.74 55.08
AL (mg/kg) 53.0 1656.9 600.3 248.4 41.38
U (mg/kg) 0.06 33.49 3.49 222 63.53
A 3UEE(mg/kg) 0.03 21.92 1.37 1.14 83.47
A 54k (mg/kg) 0.1 569.1 72.4 67.2 92.76
34 (mg/kg) 0.2 452.0 33.7 37.4 110.93
A5 (mg/kg) 0.01 2.90 0.49 0.29 59.87
U (mg/kg) 0.01 1.37 0.12 0.08 70.33
3 (mg/kg) 10.4 552.0 185.9 91.4 49.16
#z3 KBFEESLTIEBMHHEEXED R

Table 3 Correlation coefficients of rice yield and soil properties

KFE = AFE pH AVUE 2F  AREE AT ZR AR AR ARk AR AR ARGE ARk

IKFE 1

KE -0.087" 1

pH 0.060" 0.031" 1

AHLE 00537 -0.1397 -258" 1

2R 0.073" -0.164™ -0.202™ 0.709” 1

HEWBE 01177 -0.014 0.000 0.106™ 0.046" 1

A 0.096"  0.050™ 0.1197 0.1017 0.130™ 0.075™ 1

ZEECE 0169 0.0407 0.396” 0.003 -0.046" 0.108™ 0451 1

BRE 0076 -0.0477-0.252" 0.205 0.240” 0.008 0.054™ -0.104" 1

HREE 0.025" -0.099"-0.179" 0.254™ 0.2777 0.108™ -0.042" -0.127" 0.243" 1

AR 0.0877 -0.059"-0.479" 0.214” 0.236™ 0.012 -0.055"-0.289" 0.493" 0.381" 1

BRE 01257 0.0257 -0.382" -0.004 0.045” -0.003 -0.072"-0.314" 0.247" 0.218" 0.546" 1

AEM 01157 0.1077 0.128™ 0.005 0.013 0.082" 0.182" 0.144™ 0.002 0.116™ -0.057" -0.142"" 1

AR 0.002  0.087" -0.120™ 0.034™ 0.042™ -0.009 -0.030"" -0.083" 0.181" 0.033™ 0.164™ 0.158"™ 0.043™" 1
HREE -0.014  -0.0417 0.264™ 0.039™ 0.000 -0.035" 0.229™ 0.361" -0.185" -0.095™ -0.244™ -0.274" 0.014 -0.238" 1

T *FRA RS P<0.05 RE K,

222 R R/NIEERES XIS
H R B R AR IR T Lo AT, AR IR AR F >
TP S 50 28 (N S B0 A M EA T 40 T
2 R/ IV A B PPN 8 b o SR B K T 25 e e 1 )
B A AT (R )RR R TR PR A G (R 5)
ZERER : FREE>1 R 4 4, BT EN R
THITHkRIA 59.349%, PC1 8 ARk 1| A~ TH
B, BIE PC1 A gkt A fe/ NS ; PC2 F2 %L

IR A MR P<0.01 BEAKF,

T

AP AEA 2 AE TR, AH0R S 2 A A
ZH0r>0.7(0.709"), HAWLFEA PC2 i s AT
iy, Ktk PC2 AL AR/ N SE . PC3 &
B 1 AT, I PC3 B A
/B AE s PC4 F %28 th A SOl P 500 2 AR 74
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Table 4 Results of principal components analysis of soil quality
evaluation indicators

Eizg ) F G
PCI PC2 PC3 PC4
by 0.108  —0.498 0.259 0.065
pH —0.643  —0.178 0.245 0.098
HHLIER 0.192 0.838 0.135 0.091
2R 0.231 0.829 0.153 0.058
R ¢ -0.056  0.071 —0.041 0.685
B 0.006 0.054 0.846 0.025
R -0.388  0.004 0.709 0.084
EER LT 0.646 0.144 0.22 0.016
B 0.417 0.263 -0.121 0.524
Bk 0.851 0.094 —0.047 0.065
B 0.749  —0.184 —0.129 —0.054
R -0.073  -0.128 0.279 0.641
FRAE 2.938 1.885 1.277 1.022
DT (%) 2448 15712 10.64 8.517
BRTIHE(%) 2448 40.192 50.832 59.349

VE O NHLA BT I I (¥ b A e T 2 4 A
*5 SETHEIEREXE

Table 5 Correlation between high factor load indicators

PC2 PC4
AL B ARk AR
HHLBE 1 R 1
£ 0.709" 1 R 0.0827 1

223 HEEFURESEC ddxbS R BEA R

PERIFEPR AT F Lo 8T, AR HER I A 05
22, FIFHFE AR A B F 5 22 0 o5 E A 2 45 SR BRI AL
HIHGER 7). ISR JE B R FOK: 148 5T R bRl 2
FRERE R 0 ~ 1 Z A JC A0, T BRAN b BRI A
B0 227003 8. SRR HZA U (4) I SQI-MDS #i
SQI-TDS. VLI FEZ #8/E X SQI-MDS 4F 0.136 ~
1.000, HE K 0.674, SQI-TDS 4+ T 0.247 ~ 0.955,
¥IE R 0.635,
224 H/NEIRESBEMEIE  Birs/NIEE
(A B T B AN B A B Sk X
SQI-MDS 5 SQI-TDS B UE47 [MIH 5341, #RJE R H
ANRG)YFI6) /391355 Nash A 4% R 50HM 22 ROk
BE /NI R A B . 455K . SQI-MDS 5
SQI-TDS S:#% i & IEAHE(R* = 0.720, & 1), Nash
AR RECRMR2E R B 58 0.401 Fil 0.061, s &
R 0, KM RS SQI-MDS(r = 0.243™)F
SQI-TDS(r = 0.232") ¥ EA BEMIER, L LT
W, /MR RE S B A B AR T A
23 EFR/MEEENIHEABEZRERTER

EZEEM

R Al S S B P R S 2 rh A T A A A O U
SEASFRERI AT 2T TR RO 5 AR
P T T I/ VAR E LA R e A X it 45
GNP ATEER BN (R 9): TLIRE R A X 14
JiE 19.71% AT “OE 17 %4 52.50% AbF “K
117 %55 24.28% AT “thaEIT" 58445 3.40% 4b
F BV EY, 0.12% AT “IRZEV™ &g, ik
R, T /N AR VLT3 A8 RE 22 5 VR X - 18 o i
BHOE R 0.674, BIELT “RIT” 59 K2 A
10 G5 ER : LR A LA X R RS
B 52 B, B TRl X 4 498 o o 4 A e (Y (E
0.768), HUJE KA X HIMH 0.726), & ZTH
(1 0.654), HUEAYME 0.649). THI7(HIME 0.648)
T (FIME 0.648) 4l X .

F6 IIHEARARIRFEBERERX)R/NEAESE

Table 6 Minimum data set of six major agricultural regions (rice-wheat rotation regions) in Jiangsu Province
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Table 7 Weight values of soil quality indicators of full and minimum data sets

el 24 (TDS) e/ NI 4 (MDS)
NHEF I AE NHEF I ALE
ATE 0.409 0.048
pH 0.503 0.059
HHLE 0.814 0.095 0.766 0.238
o 0.807 0.094
EER e 0.562 0.066 0.479 0.149
HRLBR 0.690 0.081 0.719 0.224
Gl 0.676 0.079
EER L 0.492 0.057
B 0.521 0.061
EERIE S 0.752 0.088 0.740 0.230
EER & 0.656 0.077
R 0.550 0.064 0.510 0.159
3 0.581 0.068
A hE 0.555 0.065

*8 LTHRREIVFMIERRRERH S TR LIREE

Table 8 Lower and upper limits of subordinate functions for soil quality evaluation indicators

Ei=an TFRRAE L) TBR1EO) K B PR K
FAHLET (g/kg) 15 30 1IE S
2% (g/kg) 0.75 1.5
A 5% (mg/kg) 5 15
LA (mg/kg) 40 100
LR (mg/kg) 250 750
R (mg/kg) 2 4
U8 (mg/kg) 15 3
%0 (mg/kg) 2 32
A % (mg/kg) 10 20
A5 %00 (mg/kg) 0.5 1
A %% (mg/kg) 0.1 0.3
R E (mg/kg) 1.5 130
pH 4.5(Ly) 6.5(U)) ElILY/ i)
5.5(L,) 8.5(U)
R (g/em’) 0(L) 1.25 (U) il iy £ 7
(L) 1.55 (U2)
1.0
3 itig
0.8}
i fn] g BCEL A AR F MR 1) 348 BRI
206} P oCsE, BRI eI e AR BEAS A IR
z T B/ O SR e R 1 W AT (R R
204 Bk R BT AT , 35— 7 B e L A
02} Lot 0019 B PR 2575 29300y I B IR A 7 s 1SR 196
‘ R=0.720 FREAREME, 55— 07w R B 8 AR i RE 5
09 et S A SRR, WA TR AT A
SQI-TDS VLI 22 R ME IX - e B 2 - 19 fe /NS i 4
B1 s HEELERERNSLENFEELIERER FEPRELIEA LT . A S0 . SRR | AR O
LT S HOFE WG R AT G IBURAT 10 195/
Fig. 1 Correlation between soil quality indexes of minimum and

full data sets
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Fig. 2 Spatial distribution of soil quality in rice-wheat rotation region of Jiangsu Province based on minimum data set(A)and full data set(B)

F10 ETRNEFEEMIFEAARRIBERERLY

Table 10  Soil quality indexes of six major agricultural regions in Jiangsu Province based on minimum data set

Al X T SQI-MDS
e /IME [ ENE] X I HIE 8 5 R H(%)
it 0.136 1.000 0.649 21.13
b3 0.191 1.000 0.654 20.74
i) 0.295 1.000 0.768 13.87
THY 0.308 0.976 0.648 19.62
T 0.206 1.000 0.648 22.11
K 0.190 1.000 0.726 18.24
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